In a recent paper, Voeltzel et al. describe a non-equilibrium molecular dynamic (NEMD) study of the rheological properties of a single ionic liquid over range of temperatures, pressures and shear rates [1] . They also measure the low shear rate viscosity of the same fluid experimentally over a similar temperature and pressure range (Fig. 1) .
In a recent paper, Voeltzel et al. describe a non-equilibrium molecular dynamic (NEMD) study of the rheological properties of a single ionic liquid over range of temperatures, pressures and shear rates [1] . They also measure the low shear rate viscosity of the same fluid experimentally over a similar temperature and pressure range (Fig. 1) .
The authors present their NEMD results in log(viscosity) versus log(shear rate) form. This shows classical shearthinning behaviour, in which, for data obtained at a given temperature and pressure, the viscosity is initially constant at low shear rate but decreases above a critical shear rate in an apparently linear fashion on a log/log plot, as shown in Fig. 2 (reproduced as Fig. 1 ). Interestingly, when the authors apply time-temperature superposition to convert all of their viscosity and shear rate data to reduced values based on a reference state of pressure = 0.1 MPa and temperature = 303 K, all of the data collapse onto a single master curve as shown in Fig. 3 (reproduced as Fig. 2 ).
The authors then best fit the Carreau rheological equation to this collapsed curve;
where g* is the reduced viscosity, _ c Ã is the reduced shear rate, g oR is the low shear rate viscosity at the reference state, and the two disposable Carreau constants are a relaxation time t relR and a power index N R , both at the reference state. The authors also treat g oR as a disposable constant and their best fit, shown as a dashed line in Fig. 3 , is respectable with relaxation time t relR = 0.612 ns and N R = 0.213. However, as noted by the authors, it requires g oR = 29.9 mPa s, which is less than the measured low shear rate reference viscosity of 32.5 mPa s. It also deviates significantly at very high shear rates. When the authors apply Eq. 1 to each separate sets of raw viscosity/shear rate data at a given temperature and pressure, they also get good fits but are concerned to note that the two fit constants at the various conditions, t rel and N, appear intrinsically and inexplicably correlated, as they illustrate in Fig. 9 [1] .
I suggest that the discrepancies and the correlation between t rel and N noted in their paper result from Voeltzel et al.'s choice of the Carreau equation. There are many rheological equations to describe shear-thinning behaviour of liquids, but the two most widely employed in tribology are the Carreau (or its extension Carreau-Yasuda) and the Eyring equation [2] . Eyring's equation is usually written in terms of shear stress, s
where s E is the Eyring stress that marks the onset of shear thinning. However, it is easily converted to a similar form to Eq. 1 by using
c E is a critical shear rate. In reduced variable form, the Eyring equation then becomes
where t relER is a relaxation time at the reference state and is similar but not identical to the Carreau one. Figure 3 shows Fig. 2 on which is superimposed a solid line showing the ''best fit'' of Eyring's Eq. 3, taking g oR to be Voeltzel et al.'s best fit value of 29.9 mPa s. This is obtained using a value of t relER = 1.33 ns (s ER = 22.5 MPa). There is clearly a very good match to the data, at least as good as the Carreau fit. The Carreau equation is constrained to converge to a straight line at high strain rate on such a log/log plot, while the Eyring one is not. This means that the latter can follow the NEMD data more closely at high strain rate. Figure 4 shows a very similar plot, but here g oR is taken to be its measured reference value of 32.5 mPa s and t relER = 1.38 ns. This appears to give an even better fit over the whole reduced shear rate range. These two fits were obtained simply by adjusting t relER to match the data by eye-no doubt even closer fits could have been obtained by mathematical optimisation where the numerical NEMD data available.
It is important to note that these extremely good fits were obtained with a rheological equation that has just one disposable fit constant t relE . It follows that if an equation with two disposable constants such as Carreau also fits the data, its two constants must be inherently related, as found by Voeltzel et al. The nature of this relationship will be determined solely by the mathematical form of the two equations.
The above indicates that the single-constant Eyring rheological equation fits the NEMD data at least as well as the two-constant Carreau equation, and it is a pity that Voeltzel et al. did not test it alongside the latter since there is some controversy concerning the best rheological model to describe shear thinning of simple liquids at high shear stress [2] [3] [4] . Both equations originate from physical models: the Carreau model from a network forming/breaking model of polymer flow and the Eyring model from a stressactivated molecular flow model for simple liquids, and it is arguable that an ionic liquid is closer to a simple liquid than a polymer. One way to explore the issue further would be to examine the data in a different form. It is perhaps unfortunate that Voeltzel et al. used a log/log representation of their viscosity/shear rate data. Such plots tend to promote the appearance of linearity at the expense of resolution at the extremities of the plot. An alternative way to represent the data is to plot shear stress, calculated from viscosity x strain rate, versus log(strain rate). This linear/log form of plot reveals differences in behaviour at high strain rates much more clearly that the log/log form. Fig. 3 . There is evidently a large divergence at reduced shear rates above 10 11 s -1 that is obscured in the log/log plot of Fig. 1 . I thus urge the authors and future researchers to test their NEMD data in such a plotted form to see whether the Eyring or Carreau models best fits the data and, if possible, to extend their reduced shear rate range above 10 13 s -1 .
Of course, the fact that a particular rheological equation fits experimental or NEMD data closely does not per se validate the equation. This should be evident from the above, where it is seen that two quite different models fit the data closely over most of the range studied. However, if carried out over a very wide range of stress conditions and used to test more than one rheological equation, the NEMD approach is potentially a powerful tool for comparing and exploring the validity of shear-thinning equations for simple liquids. 
